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B. 

parrs 3 %7co«ionusn«tcsn- «mko 9 *>sfc 

y y =f >-cB«g 3 ^TO&aia* 7»k 

»aj<y=f>***. Kspy=f>ri«»3^afiia*5 



[itsoi3] s>fiB2yc7c£!^3*^fisr**ia». 



* 



3 

M) s*k«£* or 1 ^seera* 

« 2;x7&aa**ia'r * c ± «m^9 i is 

Cti6#^U^2xCcJ:0ITOr*2o©2;X5cCia*IS 10 
£ h X «f ft: ft 2 ;£5ciMl%*flE-r 5Ci <t T £ IS 

«. 

g^jj u ft < a s * xm&te&mofffiR&iw* x 2 

[A9!OIMD«:WI!] 
[0 00 1 ] 

*»u«aw»iifi»t*s2ocD 

tix^ztK ¥»Lx\,*zfr*it»«LkicxmmL % m 
flfcSL *a^«*yr**-fA«c* 

[0 00 2] 

»fs<SftTi>£Ja^ ffSOEflG^s-ofcCG^^^ 



^I¥2 9 1 5 8 2 6 

4 

fi8. — *KC. ^77 ^ ?#3>fc':x-£±<DCG- : ef\'l' 

^ 9 $ TffiW^o^n* oa#y =r 

-5. ^iffi*#^nft&« % no4>#y=r>nB 
ko (m, -M a > ©«»ft«f*fla\ yr^*-fAtt# 

[0 003] — EftWfiCtt, Stt^MMOSKz:* 

ors^oiwww*^- #^-*ftTs * * h ^ y - 
LXit^m&ckZ^faZx&^tc* a#?*?*x<D#IF 

-Ctt, Bobloftft, Lin/Cannyffi, Gilbertft^iSa^C 1 ?* 
(N) (N : arflUDIMKFjMk) £lT©lrtWIBr»a 

[0004] Pro/Enqineer^<Drfij!R(D=*7cC A D2xX 
*tf^O(C. Boblowffi, Lin/Cannyffi, GilbertS^oy 

n ^*«iar^#y =f>ccnBortt^ow«:T»^* 9 

«fcS8fiUr^S*yd , >IB©tt-&*>'&**2fb. Gilber 

i^*aiffl'r*Quimari6E*«»i6nrc*&. co*s*tt. 
tto»a&mtHcmmvi! zm&x-mtfiiymx&z 



5 

[000 5] 
[000 6] 

*Slfrr£*'h©ei*Bf* (GSrconvex hull)££idt 

t*flai«. 2 ttdflosttMcns y * h trmr 
%m&SM& y * h f&s&. 3 BM^BtttflMt* * 
#y:*>±«cwje¥a©«»<D« c;-7») «bmo 
r*sf«ydr>«ir>. i»*BH»rB*s»u mm 
^mo 2 7 y - * pgja^ES 2 y 

4tt£flS3*ifciM2 1 ififtjSMJgyxK 2 
^^y-O^-drtHtriBiiaB, 5teGilbertS: 

*(cahJ^t:iaaBoT»^* * a^fMiWfflm** 

BU TfiM©a»8KoorT»^* * *efrt»» 

waT* u a < a * * vti&&wti<oammFe»* * 
ytcifcc/ctf y =f>^r y =f>©^r <t or 

[000 7] 
[ft»] 

Ca) T#**?*«MiMBffi 

^«^£gp i , i&SiMBB y * hftes* 2 . ^mm 

**i**iiMl s&afliByxK »bi*2»*? 
y ctiicfco. h^«nb<o€b*<o#o 

^BftCG^A'fCStfOT. Nloq NflD^B-CflS, O 

na^^^oaatdtwB y * h «r*fe«r * , k 

CC. M^Jba* -fS? a (Bubble Colli si ar&)<Dfc&> 

c o o o 8 ] i) * <dram 

ft) :*M*B«WiM*£aU lfcMt»(0«*HI 



(3) 1$I^2 9 1 5 8 2 6 

6 

t*w*aat, bin («*ttx») (DBttfRos 

«£J»coi>r»2 -!&3«i¥® <«*.«yzto) ± 
T2»SCittt&«U. BS^*2*7a!Mi*fltel/T 
3 3c5aM*£jau KSL Ba«33SEiM*B& 

[0 0 0 9] 2) TO?x?*IHeH GSSjAB&yx 

B^-3rc^tt<DiBiSi««»y^ h-cB 

«oilbA«cB^^xcE>iBBAt»t,)^r c <h#r# 
^ 0 'T«ct>« % 2«*«»yxhmiS»2tt. aa*« 
*r y=f>©nja*Bi*rt (next#i&j) «c 
y>^u, *ffljft«c#y=f>ia*^utB^*nww* 

20 »2©*fn| (brancKfirA) CCKH^tC y >^ Lrtt^-^ 

[ooio] 3) =f»^* ^ ^*aw^c2«jsawB y 
jfi»y^F£dUBB*iirrA -a. as,£j^y*h 

1BiSa-^^>^%ff->T^*y±«:JHBrs. cnu: 
( N ) omrseflbMBB yxht^*'j ±K<DjH^T 

[ o o 1 1 ] 4) t^^-x ^ ^mr^^i mmmtc&z® 

:*0*ffl**»fiR-r**#y=f>*. »^ 

y=f>±fc>W>*J^iwa»©B*A*>*'CBi^ -e 

y=r>3^6ft«CG«9 s Ji/(cMLr. o (nloci n) <d 
»Br«i3Wit*>*. »«*2»*^y-& 
3 ^Mi^ffi#*»fiR-r s# y rf >±<cw«*a 
tDit^o^ (y-7*> t»»JLr##y=f>tBt^ 
^fUScrSr * =f y X a ccfie otKStBKIttncfiR 

6, BBaB»©2»*^y-«iJB*4aT4, c©» 
so « % y-7»o*afl*. ?ha^B»«a*-«"aaM!>* 



(4) 

7 

^fti>»£«:tt/h3< u #y:*>»*«*i»»6fctt;*; 

<D&C*l*. QuinlanffiCOPgJBStttfifeS^scan conversion 

[0012] 5) IftS^Bfl^fi*** * £&c:fotf £Bubbl 
e Collision^ : ^O^ffitHHOT*^* 9 ^«rlSa»C 

ff^fc»K, i»ji»2»*^y-ftias*3tt**©*fl io 
r^o ^^iba^^s/a^nffwett, straws* 

9 U -tcS^l^TDepth-firsttD^ffi-C^cc 9 

•cos* y =f>oa*-&*>-a-K:*H/TGiibert3S*ara 

a >38ff» 6 tt, U-:7*£y-:7«W©B«*Cft& 20 

y-7«©ip^ifflim*iL. »;-7»i*y-7Scii© 
ga**c ti6»<o*^iasE*6^#y -7»©*a*a 

L9IC>fcR*£U #y-7«i#y-7«IBOB«i* 
CtlW© 4*bBBM*» 6 M# y - 7 ScCD^S^^ U 5 1 

» % mioBBotMracc**. ^raose 

m*#tf>£ccwu *©«#a»«^y-<Dt'o«s«: 
oT. «B©B«©5E«*SOrr*. cncc 
<fc^ Bubble Colli sionffirraai^C ^i&ffj 

tcr* v ^utttfn«Jte6*t^ydr>^r<oj»«:«iit 30 

[0013] (b) Bubble colli si on&iOl!^ 

1) o*m#T»^« v^cc^^Q^iaatafflGiibert 

tt<fc#Mi*BttJBBubble Collision^<DS!fe^ : #fl*ffl 
WB<D=F#* x 9 * * < t? 5 *«>«: , 

SftTSiMHMttfcU ii^ia«CJti|*SlG1lbertffi*a 
JUT*. Ci^:i^¥**te«bfcft6-«. Bubble Colli 

6, ^iUn^-r^ a >*tT»6JCJ:0 Bubble collisi 
fc#><E>Bubble Q>llisionffi<Dffil'&C*SIM Bubble Colli 
[ 0 0 1 4 ] 2) 4^7cGilbertffi : &Wt3tim&&fr 50 



m*2 9 15 8 2 6 

8 

&A£&BttJB Bubble Cbllisioni£^;W v*^91rh 

^P5^^Giibert?£ccj:0mfflL//cg&filrab^ o M 

n^T»u«bfcft6«. «tt»ar«r^=fyxA 

£ 3 ;X3&aaS2G1lbertj£a»6 4 ^i*BSSLGilbert&tC 

r&a»*tw»««c*]5afr* c±«cj:*y*?y-* 

to 0 K, ^>^y- CC*-3l*r tt»»BB* depth-fi rst 

^Ofc»©*,C?*««*flttB!Cca«S[Gilb 
ert£fc*Mffi-r 6 C i CC J: 0 , ftjBdtiMJ: < HtHT 

**fttt, y-<w»«ffi, j**3mj-bot 

x 9 ^*>63«SGnbertffi*5j:Cf Bubble Collisio 

[ 0 0 1 5 ] 4) -rf * V y -^i^fcitSH 1 *^* 

n><»*CC*Jl»r, y^?y-HUK % Gilbert^ Bub 
ble (fcll1siofS©±T£JSW"-f *;UC— B4>*frC>. 

flfetDiM^i/rtt, wnoif-r ^^r«tfflL/c*y=f> 

KWffGilberdK*»JB*-a C 0 ^a^^r 

5) -y--f *;l/*>( AeiHRKGt«k=P»^* 9^ffi:« 
9 ^a«CJ»l>r. Bubble CollisionffiCCfl^ 
*fHP»B*eiWHfi , r*ci«:J:D. >ir^y-* 
Jfi % Gilbert^. Bubble Collisior&^rtT^ -9*^ i^iHc 

[0016] (c) a^MBubble CtollisionffiCCjr^T* 
9 9 : 

1) a^^Bubble Collision^ 

^Bubble CollisionSKI^Otf Bubble Collision^ 

is* >H^6 ti» ^;l/Bubble Collision^^H 

?T&^^-<^^(C— flERt>, Bubble GolHslonffiOll 

tTtt*r**ia«#y ^>©^*^^7*Mt^, 
^r«HDt*^©'c ( *©»sBoiEJW« y =f>Bcc» 

br<D^. fi»^ydr>IHT»^*y^»7WT»^x 

l^ig«:ST^ Bubble GollisionffiO»ffla»*«ii>'C 

W»»B©Wf#B6*i*. 
[0 0 1 7 ] 2) Bubble Collisions ©if-IWSHCCJ:* 
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ii^Bubble COllisionj£<DH»ftM 2fr&W8Vgm : 
©Bubble C611isionj£^f$'C(D1f (DSSHtfift 

Bubble Coll1s1ortt*fT^«CC*(Otf^|EI©n**JffiU» 

So 

[0018] 3) il^Bubble CollisionffiCD^iE^S 
(«J(*»tt«5CJ:*«3£) : OKMBubble Collisions 

y<2JSfr1M^l'&C3§Ofr<Tfc Bubble Collision^:*: 

4) S^Bubble Collision^CD^iE^ <<8&&*£3(t&£ 
Sic J: £ : SRSgBubbl e Coll i s1or&t£&NEf| 

T <£>M$r U- * JUCii t,fc < X ^ ^ j? 3 >g| 

ffSfl 6 Bubble Cbllisionffi^tfl\ V * >-<T 

[0019] 5) jli&MBubble Collision&CCHI£jE:£& 
(M&g&MtttCXZmm) : Si^Bubble Collision 

y;l/3 7 ^ 3 >^tf ^6 ^Bubble Colli si on£%tT 

Yfc:T#*****H»T^fc««:. 

[0 02 0] 7) ttP*KtoVtZ1irtt»±n<D¥»*x 
y ^<3!>a*ffc:iMrtr«il*B!Bubble Collisionffi^ 



(5) »»2 9 1 5 8 2 6 
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^MMm»tfi't^X»±UX^tl^ 

flU »±»<MfiJS# U=f> 
•^TCDMSrl^ ^iUtCfe^T— S/cWBubble Collision 

10 t>. 

[0 02 1] 

[X*M] 

(A) QfflflDSfi 

(a) #a*B#©^**?*©«WS 
HH* (H2)t«l»'r**/NDfl*B» <a^l : convex 

hull)££j#U (133) . ft&&wftm<D$m&+&m 
tix^zm&aze&fR&^m* * oara 
±# ; F8*o#itf>ft:^ Bubble coiiisions^m or # 

[0 02 2] Cb) AflteSt 

9-^xf-> 3 >i lienor, iiattT»^*» 

30 l^pmCHP. T»f*^^amiCP* 
£fBt^r<5>4><D. 1 1 cttRAMtiO. E^cCAD 

ts^Tu i 2r^ft$n/c?f^K7 !f -^, -eo^o^f' 

«ff«ffitS^«riBtt-r^t>0. lldttCADV 
^^•A<b<7)3ifi^>^^A-^, 1 1 e^inSU, 1 1 
ftt+-#-F, 1 1 gtt^»)X»0«ff«, llhtt 
^P^tT-^-f X£JB<D7wX^ K^^^, 1 1 i B^ 

[0 02 3] CO Il7n- 

lliCA^L. RAMI 1 ciClBtg*rS (^t*^^1 0 
OK 1 002). CAD^fA12lt Jf^f^ 
f-*tt LX$f&&W&*# »; ^>taofc«^K:toW 

S„ rfV^-drfic^r, normal KigK 3 

50 -3©l!»3&«aftOJgW^*^U. vertex CCtt< 3 0(0 



(6) 



»«F2 9 1 5 82 6 
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[oo24]ot^, mum (a«s«) omzr*m& 

•tZt. -JxUzv-yi UttROMl lbfciEtlSftT 

0 3) . ttdmto»xvn&T*zs»x 

HcJClWtS 0 1 005) o U 

7r -Ol/-. HLfcf&SU KfwX^ 1 1 i^CC 10 

r MUST )U =f »; Xi* *ii C X&m y'y r A ;U*9C>tft 
n^r-Z&j&cmmTh (X^5r^l0 0 7) o 
[0025] (d) £ffifm^Ofc&CD;r-*«ii 

(i6(a)#I) ^C#l§"Ca5M-r^i 

137^*^05=- H7«:*ji»r. m 

bm&mtmm ZvM*. ]&£Vertexrtefc < x v t^Ed 
qer&£ B &x?^&2;^£f#^T:4e5 9, Hi&uJfcfcv 20 

jA v 6 IS,£ w fclfija* 5 x * ^ £Jgr Y > * £ 1 nex 

t m*u^6TS^wtc^^x^^^gr^-r>^*o 

next<b"T^ 0 JBSSaRcDlortt:. £MMi«<Diftgr^* 
<h&9, blue (W) , purple (&) , red (m) <D£tx 
&<Dm*mZ>o blue, purple, recXD&miZ'<$j£-? 
£tc. =&Jfru ~ v -w£^T£*^X<t 0"t Facet * 

Edge *edumyO = sym; 

Edge *edumyl = sym; 



[0 02 6] H^a-r^^XVertex{J, mgMUZWt 

©tffcd v^^(Vector3«3;X7tH^^ h^ftr 

xt,pre£8rO p Convexti, £ 2^ X 

£^&<t OTedqefc^O. ^ 6 Cb)-C^ i 0 . edqe- 
>ori q , edqerri n->ori q«-e tl ?tlCx& H<DX $fcfr ft it *f 

;££*§*r#-<>£^( maxX, minx, maxY, minY te v i£b 

S«*miSK:fc^^2cS(DEJ5IJ, ventre «£j^^5gS^H 
,«£j8tftfA£« # -f > £ ve rtexeste edqemi n->o ri q <!: 

VfcO^^tta-artSJOW^lCCfctofcSfeOif -5. ver 

[o 02 7] mio-r-zm^c**). *^-o<diws 
tester, *omjata«*^br»*ssii^*iWf® 



edumyO = edumvO->l next»syni ; 



// clockwise order 



edurayl = edumyl->svTTv->onext->svm ; 
[0 02 8] (e) 3 %7cO«flMeriU=f U XA 
H8«, 05©Xt-^1 0 0 3iCfe^^3:X7CdVa« 

m^-^^A^T^ (X^^^l 10 1). A**a 

?7'i l o i©:/o**rt<C7iVr«fc 5 
ConvexCDd<^> ^^StconOy >^^Scon->vertexes^r 
5feWS*i Urnext.preSffiJCCvertex^Sgtf , 

vertexesCCSS^ s ^vertex« 4 ^1 OkJlV y«( 

^©Il^^-^^A^/atcKtf fti>0V$> 0 . XUfcfrfi 

conCC^fUv XW^IfiJCDmax, minr^^maxX, rainX?:iC 50 



// countercl ockwi se order 
tti-r-S (^f-^'l 1 0 2) o "T^to^, H 4 #J|^vert 

S^O, ^^OTKUX^ maxX, minXiCAtl^o 

[0029] i*sa, xa««<DA^a. */j^«so« 
*flwtr*c^^»^i io3). -rfcfcfs, nuEJiid 

vertexes^X«l«:S!e3G:¥®±CC*|o rfc 0 , XSffitt 
CDS^:lBmaxX->v(0), S^ffiminX-^vCO^H^^a £ 
J: 0 t /h S t *«Ftt % 2 *7£Oa«|jaaB» MakeConvex2Di 

fflMBH^vertexes* X Wrtr^JC 2 ^13^^ (Xf^'l 
10 4) B S^CfiImaxX->v(0)<!:, «/hfflminX 

->v(0)0*iOffi%*«C , H^^vertexes^: conLef 
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t,conRightfC2#f0T<5o s =(maxX~>v(0)+min 

X->v(O))/2if^0* (stJ4M>(B) . vertex->v(0)<s 
& 6 1£ conLef t->ve rtexesCC SSCf % vertex->v(0) ^ s 
conRi ght->vertexes&CSIt:f£o 

[003 0] -OUi-C, OCC^idO/cConvex^^ 
X, conLeft, conRiqhtfc»OTS»W{CCra»JSSHtt 
MakeConvex( )£ftffl3 Tete££j5rr£ (Z7*v7 

1105). 2^#r*fc<fc**TiMl con 

Left, conRiqhtOV— v>^({^^)^tf-5 (Xf* ^ :/ 1 

106). Tft:b*>, ffl§W*C#$3tt/cG^conLeft, 

(D^gfc £ "C teHIJ Wi Merge3D1 mCconLef t , conRi cfi t) ifi V - 
^ 7" a -b X £^3g U T t > £ , Merge3Di m(conLef t , conRi g 

ht)<o»«tt. aarr*. 

[0 03 1 ] Cf) 2;X7cdb > a^r;!/rfiJ XA 

*£»£HWMfc*l/t^*. Jtl>tt. Xf-^l 2 0 
l(0 1^7CdVa^©^a^XiXf"^^l 2 0 2(D2 

© i »7ciM«ii»D^o-fe^ttia i o tc^-ri*) , zm 

KWrCcafe/^flfffliS© Y v 7ttf b AfcSC^Cnext.pre 
r^Ci«71-S. r v h 
CCtt, next.pretil^DH^^L/^T. Si Hi, Xf 
»^ l 2 0 2tC*j^S2yC7cCCteCt^v-^^D-feXMe 
rge2Dim(conLef t , conRi ght)<Df£|ffl£7n U ft: 4> <D"C £> 
&o 0K^TMOMerge2DiniC)te. fi'SconLeft, conRi 
fljht*±#*»6II3ttlB Upper Bridge<tT;frfr63g5 ft 
j^Lower Bridge ; S:B"^^'2>^DH2^'C*>'So U&per Brid 
a££3r3#£fctf>K:, econLeft->maxY. econRight->min 
Y*IS^cB**lP!I*WibT. conLeft* conRiqht&C*t 0 
-C*^next,pre<D#rfilK:j«3C»tTLrtf». *fc-fcfr«: 
au^iC6C0lfta€:»^Upper Bridqe£-r* a lUfil 
tC v econLeft,econRiqhtfC*f pre f next^fojW:^ 
fi=l/Tl>< CiK:<fc0 Lower Bridqe£M-3tt*C <ba*~C 

[0032] 0l2lt Merqe20im(conLef 
t f conRight)Oi$$ffl«^^L//c^><Dr*^. Xf*^ 

I 3 0 irtOT8tf*«5£U X-f-y^l 3 0 2(DJl/-^ 
(do^whileS:)rut>per Bridqe^r, XT? 7 1 3 0 3CD 
;l*-:?Ccto^while£)r Lower Bridqe£J|o#tti-r o W-> 
GonvexJudqeUp2Dim(u,v)t3:u. v£3£.&iUgCC3tO, H 

[003 3)113 AH3 1 6 »0«2«MtOttKHr« 
*. HI 3CCfaOT. 2 1ttS^a-km^^ 



(7) ftff2 9 1 5 82 6 
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x=or^. hi 3^fi*i#«:stur, us oh 
ttXffi»ffl<o«3Mfc/h« £ ©©fflrtcom l JI*B g-k 

(014 (a)#M). IS 2 11*8 a - e (014 (b)# 

jbo. msmamt <hi 4co#i«)«c»w6ti*. c 

t. »lt m21I^S¥a-etC2^7ca^«fi£r;U=f 

xa*im- <t % YBsaoifc^ £ omaftom 1 nuk 

8a. b, mznumd. *3«jS8c e<D3olc# 

io cti6*86ci*7cif]ia«j«rii/=fyXA«:jfi 

ibO-v-ismSk Merge2Dim(,)^rj®ffi0r2^7ca^ 
fclST*. WAtt, #2. «3ffl*Bcfc9£ttOfci;JC 
TcCi^CCv-^iaft^aiffi-rSi. H 1 5 (a)tt7jVrJ: 
5&Cf8^d e#upper bridge, cft*1ower bridge 

2*tciMc d e^K^ti^ <E 1 5 (b)). 
ot>*C, » 111^8 a, bCC«fcO*fi80fcl*7Ci!M3i 
2*7cert3cde«:^-^KI»*jBffl , r*cfc, B15 
(c)tC^rJ:^tCs SHI a e Supper bridqe, ^Hb c 
20 Slower bridqetC&O . 2^7cQ > Sa b c e#£jgEStl 
* <H1 5(d)*JH). 

[0 0 3 4]pM$tc, »niiS8ff-kK»Lr2;>:7c 

Kit© 2 a7cM©£fiS**»T T , 3 *7CiMa«teSffl 
©Merqe3D1m(. )*&Rr? %>b. Z#jQE&frteex* 

m?L\Z, 2 yCTcG^a bcei2 ^Tcdi^ f tCMerq 
e3Dim(, )^r^*rs<!:, 3 ^ntfi^ a b c e f 
3h (01 6(a)). C<D3^7cMabcefi2^7C 
dVagrh i kCCMerge3Dim(, h t H^tcO^ 

30 abcefghi k3&i^R$n^ <S 1 6 Cb)) 0 3*7C 

[0 03 5] Phase 0 : lliaaki&1tl*tteK**V ZE* 
^> 0 *7x-Xtt, conLeft. conRi ght&IRj£ft;tf4>& 

40 ^i^^^i/nwM^'fexr**), 

fitekeConvexLowNuntoer ( , ) , MakeConvexBac kL( , ) , MakeCon 
vexBackRC , )CDSM^[ "C* 5 tl 2> „ MakeConvexLowNumbe 
r( ? ) rtS|5tC*$l^TconLeft->vcnt f conRi qht->vcnt 
CDfflCClSCrMtCiS^WSn^o conLeft, conRight 
©JHjSJS©-&H"3W4*8J©*B*tt. conLeft, conRight 
OIE , rS€:next,pre©^^>^"C5i t )aU, vertexes±tC 
SA^ 0 X«±3SO^tt^4«CJ&oA:<bC5-CMakeTetra2 
2(,), MakeTetral3(,)OigKli5:"C0®*^iES1t^'r 
^>o conLef t->vcnt=2 , conRi qht->vcnt=3CD^^, conLe 
50 ft->vcnt=3, conRiqht->vcnt=2<Dli^4sJ:c7conLeft->v 
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cnt=3, conR1qjht-»vcnfc3©i»&«:t*» &-f. E9ffi{*£ 

2 8 L X 5 a 

[0 03 6] MakeConvexBackL(,)ti. conLef t->vcnt£> 
«I#3£tT<D> conRiqht->vait3^4fel±©*i'&<Dv-i/ 

l^fcfe, mftlt flScxxiRlqhtCCconLeftjtDlIia* 

r-;^at^?:«o«$n$. MakeConv 
exBackRC) 5£conRiqht->vcnt# 3 J£(T\ conLef t->vcnt 
©«*S4«±©l#6©v--s/R|jRr*-5. fiLh. Makeco 
nvexLowNumberC), MakeConvexBackL( ,) , MakeConvexBa 
ckR(,)<D**S&Cj;9 4 phase mWS. conLeft, conRig 

(0 037] Phase 1 : Upper Bridqe<D$te£ 
HI 8$C7n-r«fc5&Upper Bndge£*8JSS^r«5. CO^S 
*-C*^ftfWd>«C(riH-»@«riltfrSfc«>K:. conLef 
t3tDX*W[Sjft^:x ? */ conLef t-^edqete^CFconRicfct© 
XW#lfiJ*/hx v t>conRiqht->edqairin*JajJH*ltt: 

[0 0 3 8] Phase 2 : Wrapping process 

-£©«W£* H 1 QfcTO^Sfci&ttconLeft, conRigh 

Left, conRight£>X * p<D col ori* BLUE C#)*P 6 PURPLE 
<#?X *fc»RED^)(C^k$#rC><, ±X<DX.y*s 
CDflJfflcol orte BLUET &&<hU 019 XTjk'fJZ 5 SCWra 
ppingO^L^i. ft £x ? ^(DcolortiPURPLE, PURPLE edg 

olorteREDOC^fcS-S*. <feCDX^^<Ocolort^*CBLVJE 

£i!W2©x v ^OcolorS: BLUECC 1/ -fe v 
[0 039] Wrapping processOfBWJWTOil 13 r * 
Upper Bridge©!!^ utop, vtop©2«lftS*#k* 
U WrappinqpfeWfiS^SHH^^f^©^^— JSTOHjfi 

itc&«»*«uur. utop^T^imiiii^^Fi 

rstWinLiT*** utop©ffi<ZSfi«lIjS»HfllJButop-vt 
op-FiretWinL^aS^FfflOTCCffijB-r*. — «CC X Firs 
ttfinLtt, Upper Bridq6*>6JlTWt@0*IfiIiSRtt- 
B0^l4K2HjSmET^A H#^£utop-FirsWinL 

r#£. HWC. vtop<D^i»]I^*S)i^FirstWinRJfeK 
9 Hi*. »a^=ft^utop-F1rstWinL-vtop©3SS :s Fffl' 
iFirstl(WrUl < t©±THff*W^SCiK:J:9, &tfJ© 
Eft^^^Ol^aRTS. H19tt, FirstWinL 
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#*!ZWC»8? £ tlfc WSot LT t > S. Fi rswinUWaiR 
Sn/ct&te, FirstWinL-vtop^r Upper Bridge<h^J&t/T 
K«<3M»f¥*«*)jg-r. HI 9©«r«FirsWinL©2 
«1HjS*1**^WS*. Hft» FirstWinL-u-vtopJ^a 
FirsWinL-u-vtop<bFirstWinR©± 
TSH**KK* Fi rstWi nR&AR $ tltcWX $> Z> . C<D 
m&te. HftJ^Fi rstWinL-Fi rstWinR-vtoprt* 2 #g<E>H 
ft#'^*T&* 0 W»u, v#utop, vtopi-ScT 
^J-Cu, v£Jg&rl/Tl>< 0 FirstWinL u*— HftW 
10 twinning vertexi 0>P-& O 

[0040] 2 #ilfelP^©winninq vertex©&?£r&£. 

It&tmUtVX. conLef ttDm&tClxmY®*) . conRi 

c#it©is^^{js^Fgf mo c tic mm 

m&<D—Mm%mm&i$m±ftZ. vanning vertex^iS 

Wi/ccKas-r, s^?^. te<fctf*<DffiSx**; 

(Dcolor£^t<*tfri>< . *1H»*A? 
tt % j^Wx vi?, (0 1 9 <D#I"Cte:x ? i^utop-FirstWin 
L) ©#<Dcolor£PURPLEiC^t3l±£ 0 ^2E»S-; 
20 *«tett. SWx^^i&puRPLEtC^Si^CC. winnin 
q vertex©i£»x»^©rt % «^ert3<Drt»«:|»n^x 
*S*©colop*£TREDKgM.S. fitt*. COAM*«» 
E.nB'* v ^-g-CttilU ««W:ut3op, vtopCDifi^x ? 
^&SH^ rt^£x?^©color*REDU:^jL£. & 

<Dm&M&&±x. mmzti, *n6* 

«fcH7©*^*Listfcttlft3tt. nextftAtCllffiUX 

[0 04 1 ] Phase 3 :=^Jp# U rf><DPatching proce 
30 ss 

Phase2r»fi£OfcHft^< ^ 

©x v v t —m<om&fr h & ^ ^©AifiHS, 

&PatchTriangle(,)r«. 06(a) CC^fonext, lnex 
t, sym, orig, *\eft<0&#<{ i^rO^^H 

nM^v^mc^x^m^t^jz^(iCWL^n^o 

[0042] Phase 4 : &$m 

©v-^>^{C*yWSconLeft f conRiqht©«|fx 5^ 
(Dcolor^: PURPLE*^ 6 BLUECC^M"T ^> . 
©»^0^<DX«^rr£l©«^:X7^edqe. */hX^^ed 
50 qenir*«ti'*"£. 
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iattnrSo 

COx^^W»ffl<i:UrB#It|piO$WiJg^it 

£>So 

[0 04 3] 00 0 (Nloq N) (DISSS 10 
conLeft<DlHj£»$fc£ n * , conRiqhtOJI^^r n^TS 

^cotf-^ra^T (n) if Si, 
T (N) =2T (N/2) -HO (N) 
t^SWHtjZ&nbtlZ. cn^JJ?<i, T (N) =o 

(N 1 o grN) <hfc£ 0 

[0 0 4 4] CO 7>^A{g^ 

4^±^<7)^Ja^|5J-ll^±^3^±^<DSli^ 20 

?Zffl& Convex3udqe2DimC ), $/t, 3H*5iBW 

T£f$&ConvexJudqe3Dim( i C Srigffl tri> 

4 ^±^(DS^^-S^±CC 3 

£M±&<Dzm&axwjz&$kmctj; or r;i/r* y xa 

[0 045] COttMZj&WZttlb. «n^[OJS*fllv 30 
(0) ,v(l) ,vC2)CC^> ^A^r^h^randomO^rCDI* 
So JUfcttKW:. ®7r^llLfc^XVertex(D3#7C 

or. 

d v (0) =v (0) ; 

d v ( 1 ) = v ( 1 ) + randomC ) ; 

d v ( 2 ) = v ( 2 ) + randomC ) ; 

]E*<Dy-^^ >^d*v (0) COg^rfTfcftS/ctf) 40 

r&s. sm^cc*fLr^>^AfflM^rcD^s^nH2^ 

«v ^ftffKCt*, m9<Dl<X7zdh^mm MakeConvexlDi 

mccom^jafirtf^nSo 

[0 04 6] CD ^^7';^a-feX 
±ia^^T;U^UXA(DWrappinq process"C{J, Up 
per BridqeCDlI/Sutop.virop^^ffl^brcn^CDJE^ 

7>^Ad^7J^r*SGIfiE«^C^ Wrappinq proce 
ssCC^WSMB^^W:, WrappinqOi^^ia^r/JVU- 50 
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->*^So utop,vtop««»<7)s^*2a«±aiRufc 

/Nl/-^|fe^L/fcB#^r Wrappinq pixx:essCD;M >;U 

-^tSttffiu H2 2r^-r^'^^r^^^D'irxcc 
6WT*. 

[0 04 7]*^D^Xttt, 02 2^^^^ co 
nl_eft->vcnt, cc*tRiqht->vcnt£J:b$JU m&M<D'J>ft 

< conRic^it^a^^ft?^ U/cit^OCtJconRiqht 

Wrappinq processr^^-^^HC^^O^C^ 

hp*, ens* 

[0 04 8] <B> Tg*****m»&S (jUMbMBBV 
fi^Mf*IHI±<D^^x^^CC45^r. 

hi secTR-raw. Q®tts*ufc»c* 

sflboOA i **UB y x h r s <♦ 7 s - zmm<D c t r *> 
y sns„ 

[0 049] (a) 2SUUI»y X KD« 

S2 3«, ii*ft^jS^«»yxb(o«*^orc> 
/dnext^rfiii, »afi«c#y=f>at^ori«rr*2 

S^^te^JT S branch^]© 2 ^^f^O,, branch^foj 

[0 05 01(b) ssj^h^ y x n»«r^=f y 

H2 4«*t^i*©ifi^^<O^U^>f t --^lft^, 

m 2 5 «£tt.^Bue y * f ««sr ;u=f y x Ao^Bgur 
as. »*ttfl*Hft»*y=f><z>*^"C«)iS3nr^ 
s^oi-rsi. 2«MW»yxhtt«T07D-ccse 
-?rit^$ tiSo 

1) o^®{*co^yn>f ; -^^^-rs®24# 
JR) . 

2) ^Vf'-^Cpi. qi. ri) CC>^L, S 

•as* y x h l ccswf rc^ < 0 next^|Sj^]I^C^*rS 
«Byxh*fSj, branch^^Sm^OifiS^rfiJir 
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y* hL©5feWS*«»i#B©#U=f><o*ia 
*r*D . mS«*"C«H2 5 (a)^mTf-^ii 

2-D y* hLo^anBRtDptrtiQft^. -r&fc*. 
to P <b ur sfljo* y =r xD^fljom^^fn 9 «w a. 

2-2) ^y=f>(pi. qi, ri) fc#U JKTOfltftt 

ID ifCPi^r<Dnext*lfijm«SLiCC*H, % pi*Li) 

*fLC>S3Rpi%next»[fiJ©*8CCLi+litra 10 
0W^(i2 5(b)#I), o(,>-C, H^L.i+lcDbranch 
^ftCCttU S#g*pi&tfqi> ri*««3«W^da 
2 5 (c)#M)o 

[0 0 5 1 ] 2) if(pi^^next^ffiJ3E^L j IC# 
U Pi=Li)^65i, H^L.iObranch^fSjCC^tb, q 
i, ri^UOWWS, t>U branchtflfiJfc&CC q i. ri 

t H-nats*** n«» *> « w * t t « l fci > m 2 5 09 
3) m£qiK*torJ:iei). 2)©«M««*-ra. fc/c 

0, 1I^qiiC^-r^qi^<Dbranch^^3:pi. r ir 20 

U 3E*ri(C^tT^ri^CDbranch^^ipi, qrC 
2-3) ^"CO^y=f>m^Ui(p1, qi, rDfcttU 
[0 0 5 2]^ ffl^JK^ y X h £«j£T*fctf><Z) * 

©jtt®tfci»r»**«5&# y =f>«e»wcc=ft^ 30 

£jH& y X r £fft£* *7 Jbrf y tt, 
r&£. iMl con(0^x^i/con->edq^6lli^0, 
con->edqe->ori q , con->edqe->svm->o ri q , con->edqe-> 
onext»sym->ori cfD i&fe&Mte 'JXh £t£j& 1/ . j&I > 
"C\ X ? >?con~>edqe->svm f con->edqe->l nex->sym , co 
n->edqe->onext3&^6ffl^Lril^^{C^]l,^^^--^ 0 

to<„ h— x£fc*rr * 2 flttti:©«BR*atf */c 

M^^it5«(c^^>^!f^ 40 
[0 05 3] (c) &>?7 y 4 )V<D7 r 

a - tf > ^<o*aws ttWToa *> r * * e 

2) S^<D]l^K:##ff^^5nSC<i:o 

3) &*<DIR£K:>tfU ^OHjS<D£^.fi^(bcount) 

[ 0 0 5 4 ] (d) ^>7"7 7 >f W6^)a-f^ 50 
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1) ft^<D^j£Jfccount£§£.ZK &H,££llX#>£ count 

%next»|SiCcttC«BByxh4fllBjrrs. W*«, BUS 
*iRi6SE5>J*V CNJ i-rS*. V CO) , V 
ID £JBKnextCfrftCCi£tf. S^'J* r£ 

3) iM©*BlftK3tU Branch*[fi!OaaR^#4|<|^J 
rtOffiSteJBE)** 0 »C % Brandt&I^CCiaSL^CD y X 

.) b?2>m. VUgV (0) <DBranch©##^(0,9,l,7, 
Qttfetf, V CO) <D Branch*!^ tCV (0) , V 
C9). VCD. V C7] . V C 8 ) §«P'JXKC 
SC. 

O ( l),2)^llHlg % 3)#— ©g) OH»]&»tfr9. 

PP*6n£fc#>. £iton-rw >y^«0 (N) 
(a^0*ML&») r&*, 0^tCtfT£®2 6<D^5S; 

<D7 7^^HL7 7^l/i«. 
[0 05 5] (C) &£i2>Wte<Dm 1 ? * 

y x h w^brs ^@i¥6-209oo&^rism 

y ^^^aeubble collision^CC^ortf 

or t^*^jSKifi^*Bi^^ft*jWg y ^ 
h^OfflttiU. cti^mMiCCGnbeptjSttij:^*^* 

o*Bf**»a■r5#y=^>«[K:(aEi^^^i»ffb<c^- 
SftWT*c«iit i» c t ^r * s . 

[0 05 6] (D) Bubble Collision jSKJ:*^* 

iMH^±**^0*62«>^6, ^^3^-/^a>ffi(Bub 
ble Collision fe)&&mLX&{h&mWBl<0 = F&** 
Bubble Collision ffir«, #0*fflf** 

»fiS-r^^y=f>*^y=f>±&c*^^»a©« 

«fe»2Lfc#yrf>(Dtt*-&*>1±«:i*ii«:a» 
[0 05 7 ] frrfP* Bubble Collision &CC 

»0*Bt*%«^*r^s^yrf>*^y=f>±tc* 

e^CCgeg $ n/c^m^<D^ y - % Sphere Tree<b i^^ 0 S 
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phere TreetoatflEtt. *W«8fiffiTtT*>ft. N#y=f> 
fr6#£CG*7\WC*fl,T\ O (N-loq N) ©B$ffl 
~C&m&fet>Z>* QMiman£K:&W £ Sphere Tr 

ee©«fliiS©»l>tt. Quinlan&rtt** + >^&(scan 
conversi on) CC m®l U /c* ftr * £ © fc*f 0 . 

»*4W5#y U X*— JUS©B* 

* - * i L tott*W<C«teJJJ&tf -5 o 
[0 05 8] (a) Leaf SpheresCDfilfiSS 

<om^vmt>tix i^it^. c©b#, 10 

-SS^S^Leaf Sphered Pf^. 02 7 teLeaf Spheres 
©^Itl,^. Leaf Spheres©»f&&fcJ:&T©iI*) 

l) WJB^ 

A#^-*«£Hft^#y:*>©m£jm J**-;WS 

«»a-r*. ia2 8«c^-r<fc^cc, =>»»*«;=f>©iB 

J&ffi«*»Cj2©*3fil= IPk-Pb I • 4 = |Pi ~Pl I , d, 

-CCpi-po)- (po-p,)/*) 2 } rH-HT*. 

[ 0 0 5 9 ] 2) M J 

2-1) apoPxCC^S-orLeaf Spheres^^ 5, N, = [d„ 
/S]«f«U 4>UNa = 0^6«, r 0 = <i/2iT 
N«,*0&6& r 0 = d>/(2*H,)£-r£„ C© 

2-2) (r 0 >h)ft65£, 32p,,Pi±<DLeaf Spheresr 30 

Hft*^K y :*>±(*#»b*n:i> * <t l cia 2 9 #jh) % 

2-3) (r 0 £h)&6&*, •tifr'<* h/l^ = (p,-ft) 

/d^ e l = (p B -R,V'd l ;te<J:tf N^Cdi/S]. N, = [d, 

/s]*itlitu jZZp^ 2Enh&H« 
&CLeaf Spheres£f&&*r<5„ 

[0060] 2-4) OC^r, =ft»sf« y =f>©rtai*Lea 
f Spheres^ 5 e ^ 3 0 &C^T £ -5 KlHft B# V rf > 
©Jg22£it:& dian*, = 2-r 0 /ctfig±Cf U p,pkfciBr>f 
fBSOfc©iH«CCLrJS±tf L/dK2LbK: LeafSphe 40 
res©»*^*K«r*. Wirlt ^0ft»Lfc 
*ar l i-oW©*ar,. 1 i*/hib«L, 
jStR-r^o IP^. r = max(r 1 _ 1 ,n )(C J: 0 MSrOTt,* 
<o CttfcJ:»K Leaf Spheres^a^±tfTl^/c^© 
±TRS© Leaf SpherespJ±<Z)|®Pia£/h3 < -f £ C ±& 

2-5) ±IE2-3). 2-4)©$&g£jgi:Cf Ofc=£JI2©i6i* 
h, = h< . a - diam, _ a #h< < diam, _ t / 2 Zffitc? & V» 9 

[ 0 0 6 1 ] (b) ^Sd^SffiCCj:* Sphere Tree©«j£ 50 
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m 

Sphere Treeite, Leaf Spheres£g^<t Ut, 
t«^*»*:l«JiW«CEKLA:^i;--tt^-dr«ift© 

cit*s, ? y-©fl*©ffi»±uc« % r»**<k 

*Leaf Spher^itt**'** BJtetttfiSltfc 

3teC»HO*H»«:*5WSA»*©»ttTCCLeaf Sphere 

[ 0 0 6 2 ] 13 3 1 ^Sphere Treet*^©/^©^-* 
113 2 {*-£©:? n~£7jT{yT(r>£o Sphere Tree 

U Leaf©^^Leavesr^ a Sphere Tree©&ftK: 
g2g$n^^^«Spherer^"ro Leaf, Sphered 
©^'C^center^m^rCC^-T^o Leaf©^ >^^Plan 
e* planed ^©Leaf Sphere© *P*bifi<D Z> V 
rf>^Ji<-/> h-T^o Leaves©^ ^^'max.minCC^Leaf* 
1 eavesCCS^C 6 LeafU^ i ©center^: (Xi .y^ , z, ) <h 
^8$. «TF©ffi#A*. 

max= ( MAX, {x» } , {Vi } , M^X, { 2l } ) 

min= ( MLHi {x< } , MIH {Vi } , MIN, {z, } ) 
S/c» leafcnt^CJi, Leaf* 1eavesCtat&£Leaf^5g& 
0 % avcenteriC » Lea«*© *^a«©*P*SHR» 
Tf!j^/cS'M s ASo Sphere©^ >^left f rightJi^ 
»*«r*L, Leawestt-e©»»WT«:^*tl&Leaf»* 
©*^**-l> h-r*- 

[0 06 3] Sphere Tree»SET il/=f U XA©«»ttJ&l 
T©il0r$>S o 

1) Planes©next^f6jCC U CC-^ft^tlfe* U =f >tt 
«*A*il/t. *#y=f>»«:LBaflHli©«**flp 

>^*T^> (S3 2, Xf-^2001), 

2) Leaf© y - T ^ 1 eaves->1 eaves ^ A^J ilt, ^ 
«M*i6ffiCCj:D , sphere Tree^«^-T5 ft 

2-1) LeafS*«#0£fcttl ©*§£**. ^f^20 
0 2, 2 0 03©toS^Htff 

2-2) Leat«*»3&«2eU:©»^«, r»*©-rf*y* 
^TS(Xt : *^^2 0 0 4) . 
[0 064] 2-3) LeafS**^leaves->leav€»£#SH 
^ /cfe CC , 1 eaves->l eavestC ft ~? %> max t mi b 
(Xf^2 0 0 5), LeatB***#iXW. Y«, Ztt 
© £©*WrSKC « 4> »S U T C ^-S ^€r«5E L (Leaf^St 
»^fiA©«*r^**a&S), f*JH*lfiJ©*^ffltrffffl 
r^(^^^7'2 0 0 6) 0 

2-4) Leafsxag*. 2-3) -c*at>fclite5iSi«:»Lr* 

2-5) frmistc&KD learmmm^icnLx, nmn 
frftwm&mzft*) c*f ^2008). 
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2-6) W§WCC##>/c left. riqht<DS^avcenteri^ 
58$fcleafcnt£SCC. $1(7) Sphere© avcenteri 1 eafcnt£ 

nutz&r? 72 0 09), 

2-7) left, nqht£v-;^(0|^)U *I<DSphere£«/?£ 
«(Xf^2 0 10). 
[0 06 5] «<OSphene«rflteSr^K:afe»), 

T-SphereCDleft.hqht^^-r^^O^^WjS-r^^ 
& f&ZKD^ate. 2-6)r#&/cavcenter£4M><i:L/ 
r. *©«»«TCCft*tl*Leat«*«^«r«[ft"r-S« 10 
/JyO»*«fiWS^rffir*-5. «S&here<fcLTtt* _bIB 
-o©«*3R«>. *i^$C^^ITi. 133 3tt 

±kt ii/ =f y xMcm^ . a^(t«c»ur««>fcsphe 

re TreeO0H^:7FU*CC^ o 
[0 06 6] (c) X^-A^^-^S 
*tm£l>< 0(7)Leaf Spheres^ *t*£«5# 

— 5?, N*S/Jv3l>W£(C!£. HttCCLeaf Spheres©** 
«K>U »«: J: *««©jSffil*±if 31 <h 20 

* - * S tt«T<DT A Ccfi£ o r ItST T h o 

i) iM*««r*lILa«AK:»UX. 

max= (MAX, {x, } , MAX, { Vl } , MAX, {z, } ) 
min= ( MIN, {x, } , MIN, {y, } , MIN, {z, } ) 

ZmO^mR = I max-minl / 

2*5jc«>£. 

[0 0 6 7] 2) »*©sJ«y=f>«W*Sl/*Ci« PUVN 

EUMiTj:0/h3t^tciX. Ji/jEtt spheresca 

LE£{£or. 30 
S = R/ SFHLRESCALE 

S = R 

if^o PLANELIMTT, SPHERESCALE©ftMft^Cfil«, PL 
ANELIMTT= 10 0, SPhERESCALE= 8 ~C&>*> 0 

[0 06 8 ] (D) #0^ffif*T»^x9^«:*5W*Bu 
bble Collision^ 

#&^M<*cD^rW x ^ z t^awf ^ yt«exc % <d 

#0*ffl#*Sphere Tree-C&ttfrU y— * Depth 

-firstiDSBSaS'C^* y^CCl**, ifcHBfiTSSphe 40 
reCD^T****-*-*. tfe*L/cSphere<D*'i:^i8o"Cl> 
V =f >«M*bttK»Ut Gilbert£6*affl%T 

^^ffiiQuinlarittioaoi*, SpherefS(Dggjli(J!)itt¥ 
ffi«C**. #^j£TM\ Spherd18<DSgl!i£*#>SCC|& 
U -£<DSphere*>S Sphere Tree^ J: 
or. SphereBKOgEHtOffiaiaMTS. CtUtcfc*). 
Bubble to11isionffirragI£fcoTl>£, M^ftlC** 

^t^S, 50 
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[0 0 6 9 ] (a) Depth-firsttCj:^^^^^ 
HO<D^G^®^O^i£,^*fe(TODepth-.fi rstr 
yX^CtEor3<3?>& a ft. ^34, H35« Bubble Co 
llisionffi&Ctett 3 Bubble Collision CheckCD^Mltnifc 

r&£. 

2) *feLTl»*SphereR|±©ffi(||4«A, ^Offl 
# cq->dist^T^c6^ *7 U> rODdf B l,r^£)Sph 
ere%«T©*»«C«6ortSE*WCC»|» Or t> < (^f * 
^2101). 

2-1) tf V > r ©Sphere^M^i feLeaf Sphererftl^ 
fctt, ^S^#t^*«^-r^(^f'^^2 10 2. 
2 105), 

2-2) (SI*bfcSIK#6n^-o©^Spherei»|*U^ 
C»SphereiOffil»**db. jfiC^^fcK&sSrr* 
9 ^"2 1 0 3. 2 1 0 4) 

2-3) ^7 U> h<D Sphered— W Leaf Sphered 
tC«. Leaf Spherer^l^^P^U. 2-2)£H»JC» 
itSC^f -^2 1 0 6, 2 1 07). 
[0070] 3) # U> r CDSphere#W:fr<t fcLeaf Sphe 
rer*^B#iC«C^T*^^2 10 8). ^ft£>CDLeaf Sph 
ered^^ri^HftW y :*>^TiC*fl,r Gilbert^ 

zmmu. =a&# y =f>^TiB©re>idist**«>s 

(*t^:/2 110), 

4) ^/cdist©^cq->distJ:0^3Wn«, cq->dis 
^2 111), 

±iE7;i>rfyxAr«. 3) <Dia?^c4s^r. 

"J :J>^T «: J: * ? ^*s*»H»fer 

-s. ^(Dtcih. #y=f>^<r«:*H/r^?rS/>^*ff 
i*. ^.^sfc^pg*** ?^%tT*>fci>cfc second 

(^^^7*2 109). 

[0 07 1 ] (b) SphereP^CDgEgt 

Bubble Collision&(D$^£±tf cq->disttf)^I 
£ffi*Sfctt»^#>^£< U Depth-firstKteW* 

fce6iC. SpherdBIOIEJi*JaTOJ:^teffia|-r*. 

1) Intermediate Sphere(*r^)OP^<DffiSI«. 4>«l>IHI 

2) Inrermediate Sphered Leaf Sphere^CD^SSit. * 
'MH©B6*#> 6 Intermediate SphereO^*? I l>tcti& 
®3 6CD(2) f (3>)<!:r^o 

3) Leaf Sphere^<DggjH«. cp^>^CD^it(03 6 CD®) 
C (DmmiC 0 . Sphere TreeOffecD&GCfc W ^ 

l i o«:*ji>rRl— #y=f>^r3W6*-r*cit«:< 
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[007 2] (IU C©5E»CWt % — otctfm*&*> 
£~C&£o C<Dii^CC{J, cq->dist<Dfil7^ 

©fc«>«:OK:3fiCia*KoTly*9fc«>, f6©««L*0 
J|»«CfcC>t*a>jia*dt?SpheretliaiUr 0* Hi 
Ctl*a^Sfc«b. SphereBOEBCC, «TO 

4) fcU cq->cHst©<a3W**aiP«EPSJ:»)/hSC> 

SpherdlOSI«D CD^iSi-r 
EPSOftSWttffltt. l/10 4 t*5. 10 
[0 07 3] (c) It*** 

Bubble CollisionffiCDItSS^f^, *63t%A(r»if£K: 

*jc^ro (ioqH,+iopNi) (Hi, M«Jv£*i£*Mfc£ 

HtS Or Leaf Sphere©«») BHOflte 
H % Leaf Sphere©«BB**TafCfed>a'r*fr 

**l»«F«C« % 1 # U *) 1 Leaf Sphered 20 

C #y:*>Stf^fc<fc**Cfi£l\ Leaf Sphered* 

coo74] imawtTtf sfluaasreist, ta#tmi£ 

^5^-#cq->alpha<DzgAr&£ 0 0 35CD X 7* ? :7 2 
1 1 l{C7^-rJ:^CCcq->alpha^^A"r^<i:, cq->dist 
©KSrtttt. **fc«*0©#U=f>IIB©raictistJ:0 

«tostfc»LT»JI*«AT*»*#**. KSMimE 30 
BtOKfit^diTSi, dist^d^ • disf (l-cq->alph 
a) OBflfoWSOiL^. ffi*t»*>^-rf-*tt* »*ISI 

o*n:»*JWWv cq->alpha 

[0 07 5] (E) 0*lf»T»^*»ifK:*j»«iM 
HJIlHBSGilberttti*0*BH#fflBubble Collision^ 

BWtad-rsiaatflWiL, tt^BKiiMsciibert 

tf>fc&6tf* Bubble CollisionffitcaSbWJCX^ 

[0076] (a) t*** vtmr-zmm 

H3 7, B3 8 ,H3 9(23H=&?x ?97fr*VXA 
*ffi8W***?U"Ct»£. Colli si onQuetM 1 ^?-* *;> 

<DSB**5Etti"3*^X. coic^^x v*£^T5>tf 
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it^^^^ ConvexHull«S3 2 KtSTH L7 y -Ol/ 
fr&fllfiRUfciMiaSTa*^*. MetaLeaf, MetaLe 
aves, MetaSpheret*. atZAMH'Tft^*? >J-BflM> 

[0 077]4, BBi0TC>-6»ft*-O©a*» 
-en-en, ColQue'JXM, ColQMeUX h2 <h1" 

7 X Coll i si onQueCD next , next2&t O ft # tlT i > 3 • 
CCDNf, #T^^yXAt4 % ColQueVXM, GolQieU 

xh2©Br«feffl»-rs^^>h*ai>m-r tt coique 

'JXUfl, ColQjeU X h 2rtr<£Hp*^* y#Ufft> 
ColQueUX h2<hlta^*; h 2 <D& V > 9 

^MLl, h20'j>^ML2(!:t-5ifM 
CCtt, L 1 x L 2i©f»^x 9 ^^fb&Wm^6 

[0078] (b)Gilbert&<D$J® 

tt»Jtr»f-r-5Til/^';XA3&«Gnbertffi-C*5. H 
4 01*. Gilbert^CCJ:S«ia.^#a3a<OS*W#^* 

tj^TOSo f*. #«ttfl*IB^6-20900«&*(«aifi 
j#JS**ttR^OW«ra*ffi)«r#JHSnfeC*. Gilbe 

q o ^loW(04O(a)), v.*P.. Q.^c 
ip t . Q a *AoWU-T(B4 0Cb». HttCCi/^MMi 

»^{p k ) am«4«i;^>&{q t } *as#y=f>B© 

hn/i/ P1 ..,#»6tta<H40(c)). {P k },{q k ) 
fc*. ca>Borai»B*ficKab6ti«. iiBOJ:^ 

0<n t .+ n,) (n,. n,:S»»OfflS») n*. 
[007 9] (c) »JKMGilbertS 

^**SII*B«:*«>rc»<J»^cctt. w^^^^r* 

Kfi**IH»T-5Ci3Wr#S. ^4 l»*TJU3yX 
A©«iB«:ftUrc>4. JJBCb)-C8iWLfcJ:^«CGil 
bertffir«. ^IhL * *«Ctofc -5 *)ii"T. 
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40) «flMtr«nuaiHft{p ft >,{q k } <d**k*u, 

[0 08 0] i$S^Gilbert^(DttSCfi^«, jBftltt 

< JEtffcttCC* ^ 9 > y U/c»^«ctt % 

&2 0-3 0&T) fcffl*.fcft*. tfcoT. aSKMCIlb 

»<!ro»*K:*ti/ro.5ms/cvcie©tttt3W 

W>*. 20 
[0 08 1 ] (d) ■#r*=Ti;XA 
04 2 «a^MCilberti£<h Bubble Collision&CD^ 

afittScilbertaStcJrST*^* 9 *£*TC>CXf- ? ^3 
0 0 1), TVLfttttUXX?-? "7*3 0 02t ("no J 
<t£0, *©i^*jfi^itS(^f ^3 0 0 3), 

0 2-CTyesJ <t&9 . Bubble Colli si c^C^tI/C* 

30 0 5). HO', &*H0Bm**Nttl. il^Gilbert 30 

7'2 002-crnoj tttK). Bubble Colli si on&£-£> 

3&Hfi**ft*iit?<fc 5 fc«8MC*IC»T fc&i^Gilbert 
3 1 bertft* 4 ^7C«C JESR-T £ C £ *C J: 0 ft¥& 

[0 08 2 ] (e) 4#C7CG11bertffi 

iMIWil*^*ffi^6^Kb*ffl(t»Bubble Collision?* 40 

5; * > ^CDlgS^a^ra^^MGilbert^W: <fc 0 L, 

ffl-r*r;V=f';XA%33C7cai«Scilberti£^6 (3 
+ Extra-Dim.) ^7C, 4#tfcj*H@2Gilbert 

ft<tt*S*l*. 04 3«, ±K«i»*(2+ Extra- Di 
m.) ^7cO*&CC^Lfc^<Dr*a o ^4 3<£><D)fc:ns 
■*\J:5K: 4 -o© J M^F*ori><ti»ai'&«ctt, A'S so 



n5<DB«ttX - Y¥W ±<D 2 &7cWK» d $ ft 

S. dOffltf, 2;XSj»KSSlCilbertS'CtfJ»3nS. 

ftttTgfc&WAfci U —jSrOfla^Extra Dimension 
<D^tC£/cWS±tf*r^(H4 3(DO, <3>) 0 COR* 
CCfctfSifiJS"** rJUtt, 3*7ca«acnbertffi%«o 
T9tJ*3*i*. C<0B# % iBS"*? hiM2Extra Dimensio 

5. a^t, ziiMp B i(Dggaidtt«tcor*o 4 
»T8M«B«:**i«R$ti^. iSg^HUDX-Y 

»Snfci«iU Tt***» 2tt (2 + Extra-W 
m.) 9St % 1rlXt>%* 3^5c©a*ifflGilbertife^6 2 
&7oI^MGilberl^^T'r£ B Extra Dimension^ 

[0 08 3] (f) ^*?'j-tc<!:&Xilfl: 
pth-first©ff*ffir** 7*l/Ttr>*. ftfeSiEtTS 

aa*scnbert3* *«fflr * c i j: o > 
2«c#LT>*?y-«iW{u fn^r^tf* 

KB* I, . Leaf SphereU:«a-r*»l*KTr 

[0084] v &*ff 5&&a&w#tcms> 

^•t7 h JUmax.min^ 

max= ( fMXt {X| } .MAX, {y« } .MAX, {z t } ) 
nrin= ( MIN, {X, } .MIN, {y, } ,MIN, {z, } ) 

center= (max+min)/2 
r = I max-min I /2 

jl 5r^i;-©#JSSffi», Bubble Collision&K::fott£, 
Sphere Tree»tftft t I5)«Wt^ . 5r V V -*mi&V 
tcik. Bubble Collision&ilRl&K:. Meta Sphere Tree 
fc»broepth-Firet<Z)»«*m^ =F*©BJtttt<D* 
**O^ifttW0^T*lftffl"rS. CCD^f, Meta Sphere 
m<D$mte. MMeta Spherera©£fi^iaiC[)^Bt3^6PI^ 

c o o 8 s ] cq) s * v y -ara*£«bfcaMm»* * 

^C*5C^T, *%V*)-ftWu. Gilbert^, Bubble Coll 
isionffi©±T*»1f-f^il/«:-H©*ffC^ 
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*:/3 1 02^r"^3 1 oeoKHSrfft*, SHOW 

n^naxf*9^3 105-3 1 oQommt^. 

cycle= 1 0 1 0 o-fr-f *ji,#ic* 

f-*73 1 0 2-^f'y7 , 3 1 0 SOAa^frl^ 10 
UW«^f^3 1 0 5-3 1 0 6©JOT*fT5C<fc«: 

ft*. 

[0086] Tt£t>%, ao«nmi^f?^3i 

Meta Sphere Tree£C>tf t "C Depth-Fi rsttf>8?3?£?f C \ 

£^^r^irii<o^r<bra--r*ti^, -^3 20 

1 0 3rtf 5Cilbertffi*jt«aii3te*. **U2tf>ftt# 
MSt*^. firta«l*FPiH/ri»ttftttltf. Gilbert 
ffio*S**ifi«^^ h;Ui*r^ (xf^3 10 6) o 
T8*bTl>*ltf. X-^^^3 1 0 4<DBubbleCbllision 

7-y7'3106) 4 Bubble Colli si on&CDififlT&^# 

SftafiStfy^^T*:;*?**:^ 1 0 sc&b^-cs 

f-^3 1 0 5r«»l/fc*y=f>^7CCGnbertffit 

jnara. 

[0087] (h) 9 to £4 A gftSKSBitt^^ 

r*ofc 0 *7;^'JXAr» t H4 5<d*t-?:7'3 1 
02-31 04r»^$n^»ra«rtt»H<D^ay^^ 

6K£»£U *©tt**CCCYCLE*8H&r*. H4 6 

1 0 2(D^S^feB#^Jt 1 ^it^'r^^7 : -^^3 2 0 1 40 

t> z7v?3 1 0 4<mimTmmt2Z%\m~?z>x 

7~v73 2 0 1 4:ttVM?L, TsTv^Z 1 0 1 {C;fol» 
CYCLE= [A/ (t2-tl) ] 

t2-tuoii3W*#t^ 1 rftfr*. ^5r^y-*«3^6 

Bubble Collisioh&GCM* tXftl&WHfffl&^hlC 
», CVCLE(Dffl«/j^ < ft 0 , ^f-^^3 1 02-3 1 

0 4©«a*ff?*BKttJrr. *fc. «cct2-ti<z>fl»« so 
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1^^^7*3205 (D^S^rtf 5 fflKtflft f . 
[0 08 8 ] ( E ) jS^Bubble Collision** 

(a) «/r;i/*«YAT#^* ?*&g<z)±#:7P- 
04 7 «*^<D u r;u# A * --7 

^4100), t*** yt>m$m&T5 (xrv? 
42oo)„ aaraoaaaa^^* * *<otc#>cm& 

iMI?t-OI/ (HL7 7 >fJK #cfc£*>ftt>:&> 
fcffirr* (^f^7*42 11). WM7r>f;l' 
#ftc»©r. W&t?CG*7)\sfcttlsX&Q*mf£{; 

(^fyT-42 13) ^iM^t-OV (HL7 7 W 
StU^TS (^f-^42 14) . »6«a^7r>f 
^3W*n«. *tt*K#&t? (Xf^42 12). Bu 
bble GollisionjS^frr^ (^ffT'4220) rfct, 
?Kb*ffi»©=ft*^ydr>±KLeaf Sphere&fftSU 

(Xf77 , 422 1) . *ti6%»JBl«-ca*U. «W 

»^i&ftS2^*^y-*atesr5 (^^^422 

2) Q 

[0 08 9] O^-C, ^Iftf^WI^CDX^ ? 74 3 0 
0CC&l>*C. V7X30 2f©7>7i/->^>^7 * 
(MM I MS) iOASSn^HySBA*^- 

(^f^tM 3 1 0) „ S/cte, 7D^7$>y 

32 0). H»«*«Cffi~>?. ^4 8K^ 

-r<fc^CC^4 0 4 (CCVtem.J5ftB) **&Jft40 5 

(ccr»#Kb*lf(*A) cc^br^Hjor {xf-yzf 
4400) , cGrt©awi*jE*fr*. ccr, 

-5. ^ X £ ffi C> Tc^XTcXtJ 77 ^ '>Xf 
@4 9CCtt;To C©^^fAt?tt t t^l/-3f300 
». St»«3 0 llCttm<Q=#Z^WZ3 0 2±*- 
^-F3 0 3±^)7r>^^3>t-3 04^ffll, 
«JMft*B*!«Wi Lftl*. W-JW3 0 1 or a 
WHMGCte:, (35 O^TCG^r^KDil^^^ 
tltl^in. i5 0m *-V/U4 0 5<0{4JgCC 

&cx* =aeM«8t*»4 0 6^asB^fi«rfws 

X3 0 2©^>1, 2. 3 (4 1 1-4 1 3) 

y. z<7)^^<o^rsjk:^tt^r^>o, ^^>^oncq 

<, *-v^xtaiv^*tift6«. as«^:^<ft 
[0090] BRL/tCGrt©««K:^cir, 

vZZtf') (Xf^7-4500) . «9#355«nrc^ii 
^4510). T3bS. Kfll**** ( ^ 7 s " 
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512), e^m^mbr^mtdh^mommm^m 

6l11slori£*f?l> (Xf^4520) , OSMBRfeS 

nfc#aiii»KHLr«iSja, t»jSl bib**** 

0 0), ->a5 1/-> 3 >^7n (Xf^470 

0) . *S7^^*LttC>i»««^f¥JSSK«©« 

«7\ *5^^5 2 0©j*6lfflBubMeC 
ollision&KO^T i¥*fflSJB^^rtf 5 . 
[009 1 ] (b) Bubble Colli si <x&<DMmm 

m&kmnu. &mfo4 0 4. 405 *m!&Tz>=n&# 

y =*>±«CS'M* Leaf Sphere^rlBg-r^ (§5 1) fl 20 
B52te, Hft^y^>^r Leaf SphereT3I-?fc:B&J-e 
(a)«Leaf SphereA^bKWAt l^^, (b)teLea 
f Sphere#/h3^^©#lT&£ a (b) ©Jg&tCtt, 

=*E#y:*>*ec»iH#**©T, a«*u>*a«* 

©^r*©IOT*iItf>£o Leaf Sphere©*®*, gtj£ 
©*>r-;l,,^y-*S&C<£oT^3*l£ 0 T-<T© 

af SphererSfeSo Leaf Sphere*£HWH8&ffi£tf^» 

■■auw©2#*^u-«a (as 

3) fcflteRT*. H5 4OTI«©2^*7»;-(» 30 
$S©3*7G-M-5*-C**. B5 5«1Attl04 (B* 

*b) <Dm^<Dmm&&m<Dmmmz^mmi l c7jk-r. b 
&6&$te&m#i 05 m#A) <Dw&<omm / mm 

Leaf S&ere*mmm<DMCfti*K.m-CffimtOX 

[0092] (c) Bubble Collision^ 

2M&MBubble Collision&te:, Bubble Colli si onffi©SJ 
jI^Bo/c^©"?**,, ili^MBubble Collisiortffi&C 40 
teW£%#©tttig£B5 7 CC. Bubble Collision 

««:*JW*«ffl7a-«rBI5 8 6CSVr. «<h 
Bf*A±ilWf*B a^MBubble Collisionfi 

gsaur^*^©^** das 

7#JH) . 

1) a*lfflBubble C6nisionffi*HJ*"J"S4 (XT? 7 
5 100), iB»#y=f>^TBff 
if-^ ^^-C$)^^c6 (Xf vV'h 2 0 0) , Bubble Col 
lisiori8;£fT5 (Xf^53 00) . *5r«CJ&»ofc 50 
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e>. w©«ar»ff3nTi^ia»5i«y=f>^r©T* 

[0 09 3] 2) Bubble Collision 

2-D ia»»^r»* <^f*^^5 3 i o) r«, sr#i 

g^i,>TDepth-first©8^&r?-x 7 *L,TU£, & 

y ^v^roasRo^jB^^To n s 9 

^i*#T*LfcSfcfr©#, Hfc, Tta»»©*BBOT 
*^*v^*1foXC»<. ~r*<hB59 (q) ©J:5 
5C, *<>»fflr*»©^T#5»*StlS. 
2-2) y ^>^7S*^f ^ , (Xf^5 3 2 

o) -cci, 8S*ufe»©*^*s«->rc^#y=f>©^c 

T (B5 9 (g)©P 11£P12,P21£P22)£ 

cne>8ajbfiM»r**Rjtttt©**jj«y=f>© 
[0094] 2-3) fiig# y =f>^r ©«fiPX^ v ? 

Uf^53 3 0) tt^f^5320t»fc^^ 
>PlliP12, P2 1 <bP2 2»©ifi«#y zH/^ 

2- 4) T 
tt, ^©^S^y^>-<rBiC^Lrcilbert^^5Sffi 
T£ Cite J: 9, ~o©lte^fflfffl<DT*jflL j&a 

1 ) > T^HIATS (Xf ^'5342). 

usee**. #y:*>p 1 1 ip 1 ara©^******* 

MMKdl^, #U rf>P2 1 iP2 2RH©^F*£ 

vz&z&&s<Dmm<i 2, - • 

^5 3 4 3) . «t>St*t©**5ft*ffi«<!: 
-f£ (*/Mm%. Xf-^7'5344), B5 7(b)r 
ttSgftid 2*nE8id 1 iO/J^l^'Cd 2 *«ti&j£JE*l 
©ft?<t-T*o AjBAftUft?* (3 4 5) . 
[0 09 5 ] 3) y rfV^T©^**-* * * 

3- 1) ;fc©lM *;l/CB5 7 CO©«t^CCtt*#B%&* 

r/^>©T, e#$nri»^i5a^y=?>^rra©=F* 

1. P 1 2 ; P2 1 . P2 2«[3JDr*^>p ^Ct. 5fe 

T©0fabX7 s '^7*5 4 1 0-Cte. ftK^f^53 3 
OrRffUfcifia^'J^TPll, P12;P2 
1. P2 2^©iaS^yrf>^T€:P¥a f ffiT 0 

j-2) ccr»fciffiJ8#y=f>^rp i i,pi2;P2 
i , p 2 2 mic=? x ttf o tm*. ksmi* 

*fe?> (Xf'^5440) o B5 7(c)rWffiHtd3 
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[0 09 6 ] «IHEa/j»»e{k«K/h3C^COiSS^ 

iwwpjai<o«Mi3&sia6ns. u#>u *i&eh****< 

-Sf--T £Jl/fftCBubble Collision^ (Xf? 7*5300) 

3n*©r. «6ffl±ccw«tc^. *HJ5fi^r{i, 

[0 09 7 ] (d) gi^MBubble CbllisioriffiOaMI 
196 0 (a) (2 Bubble Q>nis1ortj3£©*<0*B*CC*JW* 

* ^ ^atapsrar* o . 20 

*W*«Slfflfci:lH6 0 (b) CC***\fc9K:fc£. Bubble Co 

M&tiL Bubble GollisiortffiK:<fc£M&HSfBI% 10 0m 

^^MlOOifSi, ¥*»MP5JB»2ms < = (1 
<X)+99-l)/100)gfi£K:&£. ffig<D#£i^M 
($CCfeC<DiljKMBubble Conisiona^ffi-C^^o & 30 
^Bubble Collision&K: £ ot, f£&©#to^E]<*lC 

[0 09 8 ] ( F ) ili&MBubble GollisioriffiOBKlf 
<f ^Burnett 

Si&MBubble Collision&Tte, ^{*^<L*£SijiIg(C 
fEOTificJgtf 'J :*>©M£r1^ (^©Bubble Golli 50 
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sionS^tf^-CO^^^^) OBHSjWsMI-C*^. 
<E)©SIBW*rtt, iEWiKy=f>nr^^^&U 

WW-/ m2 0 o*«ct&it-f 
j&Jft-TffT. HUE**iI<ft0, 198 1 (b)©J;5*C[ffi 
U=*>^TP 2 1 l P2 2WT^*^% 

Jf*****©^ IELt>2Jg#y =*>^TP3 1 f P3 2 
BubbleCollisionffi©^Tllft#£< & ^g*^* ? * 

[0 09 9 ] ^Ct, Bubble Colli si ort££tf 9 »C<£ 

^e»»«:*s-rs*ffi*»*rs. Bubble coiiisi 
ortffi©it»«M<c>SC»K:»i£L/r Bttttccu- ^ ^ 

OXfj ^56 0 1-5 6 0 3 SrttflnOfa *>©-?£>£„ 

smmmmmt. s^Bubbie G>nisiortS*w9nr«cif 

irt 1 (*7~y75 601). Bubble Colli 

sion^^:tfo/c^^C|pI^|CC OX t 2 £3ctf>, Bubble Col 
lisiorttOttWSra*:** 
t BC = t2-tl 

[o ioo] -eur, #v ^i/^rvwrnit 

WMVJ ?>l<= (Bubble Collision^Olt#^ t . c X 

tCcfcO^e (Xf^5603) . (10. <zK3B£& 
^r*^ 0 Se-^T, Bubble Collision^CD^P^x 
tc 1 0 0 ms^D, ^^Bubble CollisionStC 1 m 
s^«5, a= 1. 5miBW--f^iHil5 0t 
^lt^tB$raI« 1 . 6 6ms (=(100+149- 1)/150)*1K&C 
^.06 3(a)tlt 111 (a) <£9 2!1B <b) 
©Bubble Collisionffi<Dlt^F^I*ig<^: ->t 
"C, Mff1f-<^^S<^^o 3 Ha (c) ©Bubble C 
ol11slonffi©IHH»B»*)St»©"C. HSrtM ^;U«^< 

^s. ¥^ft»^fii«^»©J:9cc*ii>^«ir*^. bu 

bble Cbllisionffi©^©B#tCj:k^r/h$ < ^^>o C©J: 

f^C<tCcJ:D, T«3lt*WIB 3 &)S<"C*. u^t, ^ 

^tii^-r^pl^tt^*^^. j£S^y r3>^«Bubble c 
ollisionffiCC^MfcrStl. jE0t»*S**a»r** J: 
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[0101] feLh-Cte, t t c#**^«£JS»rlM 9)V 

^ 8 16 3(bW ISIS a 2 b ©Bubble Co 
^MJS<^5„ 3©gc<DBubble Colli si oni£<Z>it£t 

Mz&vwmtn^mz&^nrzifi. Bubble oni 

j40ailiai*tH*'C#4. eLL<D«fc5K:. Bubble Collisl 

[0102] ( G) JSifc&MBubble Colli si orifeDSfl 1 ^ 
XRSBubble 0>nisioniS63:»»ffi«/«fSajb^/hS 20 

j£g^»;=f>^r<D|g»f1^^^Jl/ (H63^(Db, c) 
tCgL^T&Bubble Collision&CC^&TSN"** £ 

I Ax I > j Axlimit! 

Bubble O>llision&$c<££^^:* *£?f 

iam^u^>^r^Mif'r^o H6 4tt****ys 30 

^ttffO^f-sr ^5 604£IM62<D 
^O-KfttaLtefc©-?**,, ±5£*, AxttlU*>f* 

[0 103] UtC^filAx limits H65(a)^Cc)tC 
frcrmic. #«l»#BO*A:ia©SS*Lmaxirtl 
tf. LmaxZ/SCtJ:^ ^IfcWfcCD^Jift^ 
*&^<D¥S£R0£-r*U2, RO/fltCJ:^ 

»«b«J{*CDLeafl»<D*^a^R u^xi -rtltf. R 
Unax- /3{C£D*fc£TS <£tt2-4HttTS«# 40 
S) o X, l/#l>ffiAxlimitti, T$^**^2t&* 
<D&/J^#<D^*2<9gi* £ L maxi L max//3 «C 

(4SiMt*©*a*R0irti«R0//8CcJ:0. 

tt. x -y ^)^^*<D©/i^ft<DLeaf^<D©^S 

tRLmaxi-rtlBRlinax- £ tC<fc f3 C t fc"CS 

[0104] ( H) iil&MBubble Collision&<D3l2 & 

mm 



f$l*2 9 1 5 8 2 6 
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rfv^rra^ii^^'r^^a^o <H6 1 (b)) . ^ 
^roKKiM^t' (^63*^. c)fcaofc< 

T&Bubble CollisionS^tfC^ 'J n >^T£M 

I v I > I vlimit I 

Bubble CollisionS^tfl\ ifiS^'J^^^ 

<DZ?*v7S 6 0 5£S6 2CD7n-tCW»]0/c^O'C 
£>& 0 ±SS*. v vlimitJ*U*^0 

[0105] L£<r>ffivlimittt:. »tt«l#©«*ia©ft 
^Lmaxi-rnti. Lmax//S • d t Cc" £ D . &W}®I&<D 
AJbtttSttSto^S^Roi-rtitf, Ro//3 'dticj: 
**C*«. «»*»©Leaff«flWft^S*RL max 
i-rftt*. RL max- £/d tKJ:9»%*-& ((10, 
dtlflto*?** fl»2. 3, 4*IBre8tSSi&g) . 
X, USH>fiIvlinrittt, T*** 9 ^*t**<0*/jv» 
*©«^daOS$^Lmaxi-rtltfLmax//3 • d tOC«fc 

^I^CD^S^ROiTti^ R0//8 • d ttcjrO, 

^g^Rmiaxi-rtiKRUiax- ^/d tK<fc«3^T 

[0106] ( I ) il^MBubble Collisiortj£<D^3 ^ 

mm 

^SMBubble Q>nision^^»KSI/^»^b^/Js3 

rf>^rrao^g|^^-rc0^gAl"O (16 1(b)).i 

y=f>^T<DMff^>f (^6 3*CDb, c) &C^IU 
^<rt> Bubble Cbllision&£fTl\ aait^'J^V^T 

U r«3-5^g) 3^:6^ Bubble Colli si onS^tf 

[0107] *^ifiS^u=f>^rcc^^r, 
(KSj^EWt) = 1 (^i[cQ«ifi*ffi«) / (mm<o 

i-r^o wit«H6 7r«iaa#y=f>^rPi 1. p 

1 2«coc^r» idi'/dil. fi^'J^TP 

2 1.P2 2-CW, I d2' /d2 r = 3i 
«tldl'/dl l>3. ld2'/d2l>3CC 
nc^(Z)-C. BubbleCollision^^ffC^ i&Wc^ l )^>^ 

3^a^-r^> 0 



(19) 

37 

[0108] H68ttJtafeS«a0?n-r*»K *4*& 
S5(DX^ v y'S 606 ^5 6 0 7 £06 2<D7U-CC 
ttJjl]Ufc4><Dr&* tt ^^^y5 6 0 6r«, teiE?^ 
^BQnodeCD^Jje^ff 5 - BQnodert* 1 6&Bubble Colli 

5. *«:*a&SKiiJt«-»r i d i - /d i i *stirr 

*. (d i »-o#»o^^^Jl/©tfc^©JbajSffi«l io 

• «a*JBdtt«3&C I d i ' /d i I >r 
<{IU rB3^51R) «C6«, ^iE? ^BCmode= 
lit5. *5WWtlft <gjE7 7yBCmode=0iT 
{HlE7 , 7^BGnode= *;UrBubb 
le Collislontttfrl*. V =/>£H§hr£. 

Vl^flr3 99B0ll2« 06 2 {CTjrT jgJ^Bubble colli 
slonffiOSBBW 4 0 riWI 05 8 CD^^Bubb 

le collislonffi*H«KS»**C4#rtr£. 
[0109] ( J ) «*»ih©T#* x 9 *«flS<fc 
(a) flS*KC*W aWfl^ltOTP* x v 2®imtt 20 

ffofc^c, ^9 #M& , mw&v<xn±Lx^ti 
«r@©*S*4PJcra*<z>t\ «©tt^*M3S-r^ 

9<CTft|;t. ^**x »^*»fl»^-^#i--oeU: 30 

[0 1 I0l-«il/t, H6 9 0>J:^tta»»X»rt 
P#9 bOTSfr^x ? ZttUXft*. a#9 V 1 in 

W*Rr>xu*&tir&. corns. =?&**v9M»m 

v b 14*, S^^-^ttUtf* h2im, m3?)l 
-7lZU#y h3 4CJ#* h 2 4mr*£<, &^;l>-:7* 
©TP* x 9 ^ttJPSiS** 10ms ro^^i is^-r 

[0111]!) P#9 h 1 ##jt©»£ 

an ^-yor»^x9^-ji»«H*$ti. ten** 

2) h2^#±(DJ©^ 

* 2 *ju- ?<d¥»* *&im £ tx. mm 

WJ2 0msi)&^ 3) Ptf9 M» h2 50 
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ft, WHIBBIttl Omsift*. c©*A«*^tt<0 
[0 112] (b) O^^^S«f*»±B*0T»^ 

x 9 ?%imt 

fcfc'U ft^T«£^Bu 
bble Ctoliision&CCj;*^*^* 9#£tT ot^W 
^gfr^x 9 Kff ofcfttc. 9^x 9 

U =f>-^T(OJI3?r^-f ^^-C—K/cCt Bubble Collision 

[0 113] B7 0«C^TDflS«*CiSC## 

(a) ©ttawcao, jEL<afi»si« , j=f>^rp 1 1. 

P 1 2P^<D z F*^x 9 ^3&*trbna. 

VltWs^fr < «fSJ t 2 r^ihf ^ 4(b) ©«»«c«: 

c©tt»Tfsai-3/c*y=f>^TPi i. pi2ra 
xTm**v**ftr>xmr>tcmMk&7f;? 9 *cc. -it 

1 1 , P 1 2s&J»ff L/«W6ti&. cn*jfiws^tc 
tt % Iffl t 2 r#±L/cm, 1*29 1 3 y =f>^ 

TOISBhM B^WBubble Collisiantt^tfo 

iEuciift«j|< , ;=f>^rP2 l. P2 2*^A, c 

[0 114] (K) jSilLb<0feffl»» 
(a) MHttHBCADS/^^A 

«»»«CAD^^A±K:r«J«H»©«^|l8ff. "7- 
W<D V T ;l/dr ^ x v *^*flMNRtrac A D 
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40 



[0 1 i 5 ] (b) ±<0®mm 

10 116] CO ^l/^f^TkltemT^-i/g 

^77^; ^ x^r^ofc y t y f -/ ©*i»r--rf 

*ift^7 7^ »*=i>tf*-**«ofcyT** 

4 A/-f *fMW±«ctt0. 

ttC G^r r ;i/ra^^^M^i^3i{c^< foimtts: 30 

[0 1 1 7] (d) y-AV7 h 

y^^^ve.*-*^^ 3* 40 

7 7 V*— ?< >*y~-,MCteW&* 
[0118] 50 



im 1 ] *«w<ojji«gftii!iar*s. 

[S3] iM©»WHr*-5. 

[04] T^x-^o^fAMt*^ 

[05] ^7 t ^^^H»Sr^©ffl[BS'7P--r*^ tt 

[06] *®#^*^r^^(D7 :r --^«ii^0r* 

[0 7] ^fflft^JSTSfca&OCTOK^S^-dra 

[08] Ci«7;^'jXAr*^ 0 

[010] -yc5cd2rt2«fiS^0r*S. 

[0 1 1 ] 7»^-^'J ?J/. 0 9-7'';7?S/Ol»JSR 

[012] C#SCCJ:52»7CiM^-^M«©«fiSr 

[013] iM»jso»wiar*s. 
[0i4] if3i^flWE©»wiar*s. 

[015] OfiattOIMH'Cft*. 

[016] iM«fltoittffliar**. 
[017] cmaecj:*33Gcia^-^iw«ofltexr 
a*. 

[018] aycTcasatesottWH-c**. 

[019] 7^>^a^^8MSHt?*S. 

[020] =ft»#y=f>©/'«y^>^ci'fex©»w 

[02 1] cmK*Z=Al&>***l'#n»v*>&. 
[■2 2 ] ^7 y ^i£!ift«jsr^=fy xak:*5C^6 

[023] iBSjatt^y^hHniarcM. 
[024] cie^ojpy^f-^cDittwiar**. 
[025] jSfteauB »J x M»ST*=f y xao^@ 

[02 6] SftSIISy:* h©^7T^7t-7 

[02 7] y-7*©MMBI'C**. 
[02 8] 

[02 9] i2Lh©y-7«K:j:-5iHISftWiar*S. 

[030] y =f>rt»oaai»WHr**. 
[03 1] ci-ig(cj:^2 7i'*^y-ffiof r -^«^r 
a*. 

[03 2] 2##^y-»fiSC!)7P-r*4 i 
[03 3] 2#*7 , J-0«'C** i 
[03 4] C^fcJ:S^:/Jl/3^^3 
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42 



15 7] mm.*?** *>av>* i>&mimv3bz>. 

15 8] &gmrtzf)\>* vAi>* yfecoy D-0-C& 



13 5] CnmiC£Z>J*7jlUJVay*x * 

[®36] mmMwmm-c&z. 

[037] CM«:J:*T»^*9^^-*«ai (*© [05 9] 5^»^r©w»/ifi«^y=f>^r(0»* 

l ) r*-So »WHr**. 

[03 8] cwikj:*^** [06 0] mm*7*av4*j*^&mw&mm 

[03 9] CtH{CJ:4T^*^f-*fltt (*© [06 1 ] B«jJfJ^^7I*»i«Ht*4. 

3) [06 2] aM^^^3 7-Y^a>ffi®B»f^^^^ 

[040] Gilberta6©JS*W<CttWH-C*S. 10 gt&^&O:? 

[04 1 ] a«Mcnbertffi©tt«iar**. [H6 3 ] »IW^^=i^^Pa>ttoWWlBIBW 

[042] 8^7i^ t ;XA©7a-'C*S. 0-C&£„ 

[043] (2+i^*7nT*^*?^»Wiar*S. [064] «|;^A35^s >iS©»jE*ffi©^ 

[04 4] ^4r^ij-BHiBI-c*«. a-tNfc* 0 

[045] -rf * SMJ Otog&3HW * * [H6 5] «(WI«©ly*^«©»KS»WHr* 

[04 6 ] J * V V -«BS*«d Ofcffi&SSPF * [066] iB»sa^^3 >ffi©«iE»ffi©7 

[04 7] Wx^oi#7n-r^o CH6 7]«aaffi«tt«cj:^«jEatt^iar*&. 

[048] CGI*3CD^^B^0-Cab^ a 20 [06 8 ] XHB&'Wi'a 5 A V % >&0|KiE£&O7 

[04 9 ] ^xfcffitafcSX^Aa^Oi'af'Afll n-r<fc* 0 



[05 0] 3*7ca«A*«B©»^iar**. 
[05 1] y-7*©f¥sssiWH , r*s. 

[05 2] £ftWJ^>i©V-7*ftWS-C*i. 

[05 3 ] k«®s#<d2»#? -SBtaftwiar* 



[06 9] e»l»rtn#^ hT»f*?j*i!Bt?* 

So 

[07 0 ] Ottrtte^W&W**^^!*^* f 



[054] 2 >J -«fc£<DH#7E-f jt 2 

-^■wia-c**. 3 
[055] mmw&mvmm is^m>m^) r& 30 4 

5 

[05 6] eJfltStt^(D«iaffl (#A«K*©»*) "C 6 

* 7 

[013] 



[04 8] 
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[U3 1 ] 

Sphere Tree Hf- 



class Leaf{ 
Vector3 center; 
Scalar r; 
Leaf *next; 
Plane *plane; 

}» 

class Leaves ( 
Leaf *I eaves; 
Vector3 max; 
Vector3 min; 
Vector3 avcenter; 
fat lcafcnt; 

); 

class Sphere{ 
Vedor3 center; 
Scalar r: 
Sphere *teft; 
Sphere •right; 
Leaves •leaves; 

)! 
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« Popi±(OLcs/ Sphere**: J: * 
Th 
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IB 6] [S20j 



$ 3?-* 4 £J*Ta *^* H -^ifc*WdB Hflig* =r ^ (^Patching process 
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[05] 



E 



3^7cCAD->xfA»g > gi;»mjFn'5'« | )^>f-n7-f4/ 



sal id cube, sip 

color 0. 425 1.000 0. 558 
facet 

no roil 0. OOOOOOe+QO 
nornt.! 0. 000000 et 00 
norml 0. OOOOOOefOO 

outer loop 

vertex 0. OOOOOOefOO 
vertex 0. OOOOOOefOO 
vertex 1. OOOOOOefOO 

ead I oop 
endf acet 
facet 



1.000008*00 0.000000+00 

l.OOQOOetOC 0. 000000+00 

1. 00000e + 00 0. 000000+00 

1. 000QOe+00 L. 000000+00 

1.00000e+00 0. 000000*00 

l.OOOOOe+OO I. 000000+00 



endf ice t 



endf icet 
endsolld cube, stp 
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[H9] 



Class Facet{ 

int color; 
^ int searchflg; 

Class Vertex{ 
int color; 
Vertex *next; 
Vertex *pre; 

Vector3 v; 

// perturbation of v 
Vector3 dv; 

}; 

Class Edge{ 

int color; 
Apex *orig; 
Facet *!eft; 
Edge *syni; 
Edge *onext; 
Edge *lnext; 

}; 

Class Convex{ 
int side; 
int vent; 

Vertex *vertexes; 
Eedge *edge; 
Eedge *edgemin; 
Vertex *maxX; 
Vertex *minX; 
Vertex *maxY; 
Vertex *minY; 

}; 

Class ListC 

Edge *u; 
Edge *v; 
Edge *win; 
Vertex *eu; 
Vertex *ev; 
int side; 
List *next; 

}; 
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[H8] 



/Off* 



, r Convex *con = new Convex 



pre pre pre 

con->vertexes vertex _ » vertex ^~^vertex 

next next next 



pre 



next 



cyclic 



no f 



3 jfc7Ci!!ig.fliaa&^B8a MakeConvexfconl 

MakeConvex(con){ 

if(maxX != null) (maxX = con->CalcMaxX();}; 

if(minX != null) (minX = con->CalcMinX();}; • . . / / 0Z, 

if( | maxX->v(0) - minX->v(0) | < e ){ 

MakeConvex2Dim<con); • • • "*3 

return; 

> 

Convex *conLeft = new Convex; /v***m* 
Convex *conRight = new Convex; 



con->DivideX(conLeft, conRight); 
MakeConvex(conLeft); 
MakeConvex(conRight); 
Merge3Dtm(conLeft, conRight); 
return; 
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Merg©2Dim< f )^iJ»t 4 Upper Bridge, 

Lower Bridge4)fl|jffi& 



Merge2Dim(conLeft, conRight)£>#Sjffi 
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MalceBridgc3Dira(conLcft, conRight) 
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Merge3Dim(conLeft. conRight)<7)fl?J5; 
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Wrapping process 
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Li - rop 



branch 
branch 
branch 



next 
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next 
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[026] 



tH5 1 ] 

Leaf SpherCJftflE 



Convex Dfundl~0 
count 10 



lJ2474Se+00 

l.C0000e+00 5.000 OOOe-Ol 5-0CQ000e-01 
1.00000e+00 5.000000c-01 6.000000e-01 
2.00000e+00 1.000000e+00 1.000000e+00 
0.00000e + 00 0.000000e + 00 0.000000e+00 



R 
Pc 
com 
max 
min 
r— Vertex 

pnum o 
bcount s 

vertex 0J)OO0Oe+0O 
Branch 0 
Branch 
Branch 
Branch 

Branch 
EndVertex 

Vertex 




9 
1 
7 
8 



1.000000e+00 l.QOC000e+0O 




I — EndVertex 



//Vertex <7>!fei£ L 



| — Vertex 
LEndVei 



.EndVertex 
EndConvex Dfund.L.O 
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Leaf Spheres 
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Sphere Trf«**5&V*- 



i 



1 f Leaves *ieaves = new Leaves 



ieaves->leaves — Leaf ^ Leaf^ Leaf 



*200 i 



Sphere Tree ^tfiK^^KI»t 

MakeSphereTree(Leaves *leaves){ 
Vector2 Judgev; 
itfleaveso leaves == 0){ 

return Null; 
)e!se if(I eaves- ^leafcnt as 1){ 

Sphere *sphroot a new Sphere(!eaves->leaves->center f leaves->!eaves->r); 

sphroot->leaves * leaves; //w *tt B «*** 

return sphroot; Spber.** * 

Sphere *sphere » new Sphere; , „ „ 

Leaves *lvleft = new Leaves; ss*m*n * * V"* „ r 

Leaves *lvright = new Leaves; ^-3tfo* 

leaves->CalcMaxMin(); //L tt ,M t *«t 

judgev = leaves- >CalcJudgeO; /vi**iM*5r«**e»n«tfc 

Ieaves->Divide(judgev, Ivleft, Ivright); y/LetfSix«rivufuvri 8 hin*ii > . 

sphroot->left = MakeSphereTree(lvlefl); ^.a*^ _ X , 7op6 
sphroot->right = MakeSphereTree(lvright); ^Mw^^e^VJ* 

leaves->Ca!cCortst<lvleft, Ivright); /yuuft, ivrtghi*^-? A»ota«j» 

sph root-cleaves a leaves; * 

sphroot->Merge(); ✓ /wuh, wnghi * - v 

return sphroot; x * * / 

> 
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L«ar Spheres 
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max{vo • x 2 i} 



max{vi * x 3 j} 




Vk = Vfinal 



[H37 ] 



// Bubble Collision^ 
Sphere Tree 



class CoIQue{ 
Sphere ^spheres; 
int colflg; 
int contflg; 
Vector3 zisol; 
Vector3 zjsol; 
Vector3 zsol; 
Scalar dist; 
Matrix *R0; 
Vector3 *P0; 
ConvexHulI *convex; H 
Prims *vertex; //*f**«J&i-*TBjft** 

Prims *V; // vertexfl>ifiS*& 

ColQue *next; // CoiQu e x y m # <i v * 
ColQue *qcolq; y/&£CoiQuc^r 

}; 

class MetaLeaf{ 
Vector3 center; 
Scalar r; 
MetaLeaf *next; 
int colqnum; 
ColQue *co!q; 

}; 

class MetaLeaves{ 
MetaLeaf *metaleaves; 
Vector3 max; 
Vector3 min; 
Vector3 avcenter; 
int metaleafcnt; 

>; fttc 



max{-Vk • x 1 !} 



max{Vk • x 2 t} 
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Bubble Collision Check&#$& i?»t) 



BubbleCheck(Sphere ♦sp, Sphere *sptop, ColllsionQue *cq){ 
Scalar Idist, rdist, dist; 

Leaf^lftop; ~.2iOt 
if(cq->dist > SphereDist(sp, sptop)){ ' 
if(sp->leaves->leafcnt > 1 && splop->leaves->leafcnt > 1){ 
if(sp->r > sptop->r){ 
if(sp->!cft«=0&&5p->right = 0){ * /oz 

BubbleCh eck(sp->Ieft, sptop); 
}else if(sp->left — 0 && sp*>nght != 0){ 

BubbleCheck(sp->right, sptop); 
}else{ 

Idist = SphereDist(sp->left, sptop); 
rdist - SphereDist(sp->right, sptop) ; 
if(ldist<rdist){ --.-2/A3 
BubbleCheck(sp->lef t, sptop) ; 
BubbleCheck(sp~>right, sptop); 
}else{ 

BubbleCheck(sp->right, sptop); - • ' ZiOk, 

BubbleCh eck(sp->lef t, sptop) ; 

}eU " • ' 

if(sptop->]eft != 0 ScSt $ptop->right =» 0){ 

BubbleCh eck(sp, sptop->left); 
}else if(sptop->left == 0 && sptop->right != 0){ 

BubbleCheck(sp, sptop->right); 
}else{ 

Idist = SphereDist(sp, sptopoleft); 
rdist = SphereDist(sp, sptop- >right); 
ifOdist < rdist){ 

BubbleCheck(sp r sptop->left); 

BubbieCheck(sp, splop->right); 
}clse{ 

BubbleCheck(sp, sptop->right); 
BubbleCh eck(sp, sptop->left); 

) } 

} 
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[035] 

Bubble Collision Check£;£M& f£>-0 

)else if(sp->leaves*>leafcnt > 1 && sptop-> leaves- > leaf cnt — 1){ ZioL 
lf(sp->left 0 && sp->right s» 0){ 

BubbleCheck(sp->]eft v sptop) ; 
}else if(sp->left » 0 && sp->right != 0){ 

BubbleCheck(sp->right, sptop); 
}«lse{ 

Idtst = SphereDist(sp*>left, sptop); 
rdist = SphereDist(spo right, sptop); 
ifOdist<rdist){ 

BubbleCheck(sp->ieft, sptop); 

Bubb2eCheck(sp->right, sptop); 
}else{ 

Bubble€heck(sp->right, sptop); 
BubbleCheck(sp->left, sptop); 

} 

} 

>else if(sp->leaves->leafcnt = 1 && sptop->Ieaves->leafcnt > 1){ ** jfoy 
if(sptop->Ieft !« 0 && sptop->right mm 0){ 

BubbleCheck(sp, sptop->lcft); 
}else if(sptop->left = 0 &&sptop->right != 0){ 

BubbieCheck(sp, sptop->right) ; 
>else{ 

Idist a SphereDist(sp, sptop->left); 
rdist = SphereDist(sp, sptop->rlght); 
if(ldist < rdist){ 

Bubble€heck(sp, sptop->1eft); 

BubbleCheck(sp, sptop->right); 
}else{ 

Bubble€heck(sp, sptop-> right); 
Bubble€heck(sp, sptop->left); 

} 

} 

}elSe{ --2Jt>S 

If = sp->leaves-> leaves; 
while(lp){ 

If top = sptop->leaves«>leaYes; 

vhile(lftop){ 

if(Hash.Insert(lf, lftop) == TRUE)< ^° 7 

dist = ]f->plane->CheckConvex(Iftop->p!ane); »Z//o 
if(dist<cq->dist){ 

cq->dist =s dist * (1.0 - cq->alpha); * - *// / 

) 

lftop = lftop->next; 
If = If->next; 

} 

} 

} 
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143] 



class MetaSphere{ 
Vector3 center; 
Scalar r; 
MetaSphere "left; 
MetaSphere *right; 
MetaLeaves *tnetaleaves; 

}; 

class ColIisionQue{ 



C2 + D Xx^&r*?? 



// m 1 ColQue V * h 
// & 2 ColQue U * h 



ColQue *next; 
ColQue *next2; 
int colqnum; 
int coIqnum2; 
MetaLeaf **MLfs; 
MetaLeaves **MLvleft; 
MetaLeaves **MLvright; 
MetaSphere **MSps; 
MetaLeaves *metaleaves; 
MetaSphere *metaspheres; 
MetaLeaf **MLfs2; 
MetaLeaves **MLvIeft2; 
MetaLeaves **MLvright2; 
MetaSphere **MSps2; 
MetaLeaves *metaleaves2; 
MetaSphere *rnetaspheres2; 
Scalar Geps; //*fc«fe/B«/S3fttt 

Scalar dlSt; // Bubble Collisionffl«g«#!5&3£gi: 

Scalar distO; " * *BubbieCoui«on»ett«£jg* 
Scalar alpha; // Bubble comsionm^MMk^ 
int gcolflg; u * + > ? * 

ColQue *colqi; ;/ * ^ B ubbio comsionft 
ColQue *co!pj; 
CoIlidePoint *cpoint; 
CoIlidePlane •c*tajfc MMB . bfcto CoJUsio 
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class Prims{ 
Vector3 p; 
Vector3 n; 
Prims *next; 



Prims *branch; //iSW.MH^r^ 



int bcount; 
int pnum; 

}; 

class ConvexHu!l{ 
Prims *top; 
int count; 
Vector3 com; 
Vector3 Pc; 
Scalar R; 
Vector3 max; 
Vector3 min; 

}; 
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Xeeni Xcwoi 
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m 



v ^ i U — v 3 ^53£6 







No 



3ZEI 



Bubble CoUi$ion&M5^3S. 




x <*4u>t> 



No 



'Yes 



TSUcSBubblc Collision^ 



Teams 



NO 



^ Yes 



me 1 ] 
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iS^cSlBubble Collision}* 
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ll) <*»**<0**ato4aLm«) /fi 
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iU£2!Bubble Collision^ 7 o - 
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Bubblo Collision^ 
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^ Yes 
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No 
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H S 



Bubble CoJUbioniSfc 
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fcz tl t 



*nt>] 
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Bubble Collision^ 
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&2ftS2Bubblc CollisionfeO flfc JEJl&<7) 7 u - 



(1 



1 



^ Yes 



(a) 

>///////////. 



pr miSDS J 1/ //////////// 



ST 



Bubble Collision!* (J&-t--S*S m s } 



Yes 



P1UP12 P21tP22 



P1UP12 P2UP22 



^Ycs 

l?#.fttb:Oi 



dl d2 



^Yes 



dl d2 



I warn*! 



3LHS3Bubble CoiUakmi4»T f 
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LScSBubble CollisionftO-KjE^ii <n 7 n - 



^ ^S **<> (a) 




l ) *l"*7 *\ 
4*» t.cXalNa>. lv|>|v 



± Yes , r*o/ 



'//////////< 



Yes 



Bubble Collision^ (JBM — fitSm s ) 



PUtPlZ P21 tP22 



PlltP12 P2UPZ2 



Yes 



3 



P1UP12 P2UP22 



No 



*5£A dl ^ . 
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or *IBS 



^ Yes ^;/»/ 




Bubble Collision^ (S*1 — #§"m s ) 



±z± 



PIUP12 P2UP22 
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